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Abstract 

Background: The association between change in weight or body mass index, and mortality is widely reported, however, 
both measures fail to account for fat distribution. Change in waist circumference, a measure of central adiposity, in relation 
to mortality has not been studied extensively. 

Methods: We investigated the association between mortality and changes in directly measured waist circumference, hips 
circumference and weight from baseline (1990-1994) to wave 2 (2003-2007) in a prospective cohort study of people aged 
40-69 years at baseline. Cox regression, with age as the time metric and follow-up starting at wave 2, adjusted for 
confounding variables, was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for change in body size 
in relation to mortality from all causes, cardiovascular disease and cancer. 

Results: There were 1465 deaths (109 cancer, 242 cardiovascular disease) identified during an average 7.7 years of follow-up 
from 21 298 participants. Compared to minimal increase in body size, loss of waist circumference (HR: 1.26; 95% CI: 1.09- 
1.47), weight (1.80; 1.54-2.11), or hips circumference (1.35; 1.15-1.57) were associated with an increased risk of all-cause 
mortality, particularly for older adults. Weight loss was associated with cardiovascular disease mortality (2.40; 1 .57-3.65) but 
change in body size was not associated with obesity-related cancer mortality. 

Conclusion: This study confirms the association between weight loss and increased mortality from all-causes for older 
adults. Based on evidence from observational cohort studies, weight stability may be the recommended option for most 
adults, especially older adults. 
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Introduction 

Convincing evidence exists for an association between over- 
weight and obesity, measured by weight or Body Mass Index 
(BMI), and all-cause mortality [1,2]. Weight and BMI are crude 
measures of adiposity that do not directly measure body fat 
distribution, which is especially important for older adults where 
body fat distribution changes with an increased centralisation of 
adiposity from the limbs to the trunk while total fat/weight 
remains constant [3,4]. Measures of central or abdominal 
adiposity (e.g. waist circumference (WC)) are more highly 
correlated with visceral adiposity, which is more strongly 
associated than BMI with all-cause mortality and with cardiovas- 
cular disease, cancer and type 2 diabetes [5-8]. 

Increasingly, investigators have assessed the effect of change in 
obesity, measured by weight or BMI on mortality. A meta-analysis 
of 26 cohort studies showed that unintentional weight loss 
increased the risk of all-cause mortality, whereas intentional 



weight loss had a small benefit for unhealthy adults but was 
associated with a marginal increased risk of death for healthy 
adults [9]. The authors recommended future studies measure 
more than just weight or BMI in order to account for fat 
distribution and the ratio of lean body mass to fat. Three studies of 
change in WC and all-cause or cause specific mortality gave 
inconsistent results [10-12] 

We investigated the associations between changes in WC, 
weight, or hips circumference (HC), and mortality in a prospective 
cohort study in Melbourne, Australia, in which anthropometric 
measurements were performed at baseline and approximately 12 
years later. 

Methods 

The Melbourne Collaborative Cohort Study (MCCS) is a 
prospective cohort study of 4 1 514 people (24 469 women) living 
in Melbourne, and aged between 27 and 77 years at baseline 
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(99.2% were 40 to 69 years). Participants were recruited between 
1990 and 1994 and attended clinics where demographic, 
anthropometric, lifestyle, and dietary information were collected 
and anthropometric measurements were performed [13-15]. A 
follow-up clinic was conducted between 2003 and 2007 (wave 2) to 
update baseline information, and repeat anthropometric measure- 
ments. Participants gave written consent to participate in the 
study. The Cancer Council Victoria's Human Research Ethics 
Committee approved the study protocol. 

Exposure measures 

Height was measured at baseline, to 1 mm, using a stadiometer. 
At both waves, weight was measured to 100 g using a digital 
electronic scale, and WC and HC were measured to 1 mm using a 
2-meter metal anthropometric tape. The WC was measured at the 
narrowest part of the torso and the HC was measured at the point 
of maximum circumference over the buttocks. Participants wore 
light clothing with belts and restricting garments removed. 
Changes in WC (AWC; cm), weight (AWeight; kg) and HC 
(AHC; cm) were calculated as the value at baseline (1990-4) 
subtracted from the value at wave 2 (2003-7). 

At baseline and wave 2, structured questionnaires were 
administered to participants to obtain and update information 
about country of birth, whether the participant lived alone, highest 
level of education, physical activity, smoking status, dietary and 
alcohol intake data [14,16]. 

To account for physical activity at both waves of data collection, 
participants were asked how much time they spent on low, 
moderate and high levels of physical activity at home and at work. 
The responses were categorised as: none at all, one to two times 
per week; and three or more times per week, and were coded as 0, 
1.5 and 4, respectively. These scores were then summed to give an 
overall physical activity score, with high intensity physical activity 
receiving double the weight of low intensity physical activity and 
walking. The total physical activity score for each participant was 
grouped into the following approximate quartiles: 0; >0 and <4; 
>4 and <6; >6. 

To account for diet and alcohol consumption at baseline and 
wave 2, a Mediterranean diet score (ordinal scale from 0 (poor 
diet) to 9 (good diet)), was created at each wave based on the 
following components of diet and alcohol consumption: high 
intake of vegetables, fruits and nuts, legumes, fish and seafood, and 
cereals; low intake of meat and meat products and dairy products; 
high ratio of monounsaturated to saturated lipids; and moderate 
intake of ethanol [17]. 

Residential postcodes at baseline were used to classify partic- 
ipants into quintiles of an area-based measure of socioeconomic 
status [18]. Smoking status was categorised as lifetime abstainer, 
quit before baseline, quit between baseline and wave 2, or current 
smoker at wave 2 ('cumulative smoking status'). 

Mortality 

Vital status was obtained by probabilistic record linkage to the 
Victorian Registry of Births, Deaths and Marriages, and the 
National Death Index. High sensitivity and specificity of linkage to 
the National Death Index has been reported [19]. Participants 
were identified as having died from cardiovascular disease (CVD) 
if the primary cause of death had International Classification of 
Diseases (ICD)-IO codes of 100-178, or having died from obesity- 
related cancer if the primary cause of death had ICD- 1 0 code of 
C15 (oesophagus), C18-C20 (colorectum), C25 (pancreas), C50 
(breast), C54 and C55 (endometrial), or C64 (kidney). 



Exclusion criteria 

We used complete-case analysis to handle the missing data. We 
excluded individuals diagnosed with cancer before wave 2, since 
cancer might cause weight loss and increase the risk of early 
mortality. Cancer cases were identified by linkage to the 
population-based Victorian Cancer Registry and to the Australian 
Cancer Database to identify cases diagnosed in other states of 
Australia. 

Participants with extreme values for the anthropometric 
variables (values below the 0.5 and above the 99.5 sex-specific 
percentiles of WC, weight, or HC at baseline, and of AWC, 
Aweight, and AHC) and energy intake were also excluded due to 
potential measurement errors. 

Statistical analysis 

The hazard ratios (HRs) for change in body size for all-cause 
and cause specific mortality were estimated using Cox regression 
with attained age as the time metric. Follow-up began at the date 
of their wave 2 measurements and ended at date of death, date left 
Australia, or 31 December 2012, whichever came first. To 
estimate HRs for CVD and obesity-related cancer mortality we 
fitted competing risk models using the data duplication method 
[20]. Because information on cause of death was available until 31 
December 2010, follow-up for these analyses ended on that date. 

We used the likelihood ratio test to test the assumption of a (log) 
linear association between the change in body size measures and 
mortality by comparing models with categorical variables catego- 
rised into quintiles and pseudo-continuous variables (set to the 
median value in each quintile). The category representing minimal 
weight gain, without weight loss, was the reference group. Tests 
based on Schoenfeld residuals and visual inspection of the log of 
the cumulative hazard showed no evidence that the proportional 
hazard assumptions were violated. 

A causal diagram was used to choose confounding variables; 
these were: country of birth, sex, baseline body size measurement, 
quintile of socioeconomic status, cumulative smoking status, and 
the following lifestyle measures at baseline and wave 2: an 
indicator variable of whether the participant lived alone, 
Mediterranean diet score, and physical activity (Figure SI) [21- 
23]. 

HRs for change in body size and mortality might vary by sex, 
country of birth, age at baseline, baseline body size and self- 
reported health status [24] . As well, smoking, length of time after 
wave 2 and undiagnosed diseases might change body size and 
increase the risk of mortality [9,25]. We conducted sensitivity 
analyses by fitting separate interaction terms for the following 
variables: (i) sex, (ii) country of birth (participants born in 
Australia/New Zealand/United Kingdom and Southern Europe), 
(iii) age at baseline, (iv) baseline value of body size cut off at the 
sex-specific mean (WC: 94 cm for men and 80 cm for women; 
weight: 8 1 kg for men and 68 kg for women; HC : 101 cm for men 
and 102 cm for women), (v) self-reported health status at wave 2 
(i.e. 'excellent/ very good' and 'good/fair/poor'), (vi) smoking 
status (never versus ever smoked), (vii) length of follow-up after 
wave 2 (^3 years of follow-up), (vi) previous history of disease 
(indicator for angina, diabetes or heart attack reported at baseline 
or wave 2), with our primary exposure of interest, 'the change in 
the anthropometric measure', and tested the interactions with 
likelihood ratio tests. 

Statistical analyses were performed using Stata version 11.2 
[26]. 
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Results 

Of the 41 514 participants, 44 did not have their body size 
measured at baseline, 866 had a body size measure in the extreme 
0.5 or 99.5 sex-specific centile at baseline, 831 had a total energy 
intake in the 1 or 99 centile at baseline, and 1425 had a diagnosis 
of cancer before baseline. Between baseline and wave 2, 3273 
participants died or left Australia and 1969 were diagnosed with 
cancer, leaving 33 106 available for invitation to wave 2 and 
eligible for this analysis. Of these, 9781 (30%) did not attend wave 
2, 60 did not have at least one of their body size measurements 
recorded at wave 2, and 12 left Australia after wave 2. Finally, 
1955 were excluded due to missing information for confounding 
variables at baseline or wave 2, or for an extreme change in body 
size, leaving 21 298 (13 071 females) with complete data available 
(Figure 1). 



Participants who attended wave 2 were more likely to be born in 
Australia, New Zealand or the United Kingdom, have a degree or 
diploma, have low baseline alcohol intake, have never smoked, 
and be younger (Table SI). The mean WC, weight, and HC at 
baseline for the participants included in the analysis were 84 cm, 
72 kg, and 101 cm, and over an average of 11.8 years between 
measurements, the mean increases were 7.0 cm, 2.2 kg, and 
3.4 cm, respectively (Table 1). About a third (35%) of participants 
lost weight from baseline to wave 2, whereas only 16% decreased 
their WC. The body size measurements at baseline and wave 2 
were highly correlated (WC, r = 0.82; weight, r = 0.91; HC, 
r = 0.76; Table S2). 



Baseline 
n=41 514 



Eligible for wave 2 
(for this analysis) 
n=38 348 



Wave 2 
n=33 106 



Available for analysis 

n=23 265 



Included in analysis 
n=21 298 



Died 
n=1465 

Cause of death: 
Died from CVD 

n=242 
Died from cancer 

n=109 
Died from another cause 

n=532 
Missing cause of death 

n=582 



Body size measurement (waist or hip circumference 
or weight) not recorded at baseline 
n=44 

Extreme .5 or 99.5 centile of sex-specific body size 
at baseline 
n=866 

Extreme 1 or 99 centile of energy intake at baseline 
n=831 

Diagnosed with cancer before baseline 
n=1425 



Died 

n=3193 
Left Australia 

n=80 

Diagnosed with cancer before wave 2 
n=1969 



Did not attend wave 2 
n=9781 

Attended wave 2 but at least one body size mea- 
surement not recorded 
n=60 



Left Australia (after wave 2) 
n=12 

Extreme 0.5 or 99.5 centile of change in body size 
n=413 

Missing value for one of the counfounding variables 
n=1542 



Alive 
n=19 833 



Figure 1. Flowchart of participants in the MCCS. 

doi:1 0.1 371 /journal.pone.0099672.g001 
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Table 1. Distribution of body size measures at baseline and wave 2 for the MCCS participants. 









All 


participants 


Attended 


wave 2 






Baseline 






Baseline 


Wave 2 




n 


mean (SD) 


n 


mean (SD) 


mean (SD) 


Waist circumference (cm) 


All 


41 514 


85.5 (13.0) 


21 298 


83.5 (12.0) 


90.5 (12.5) 


Females 


24 469 


80.0 (11.8) 


13 071 


78.1 (10.5) 


86.1 (11.9) 


Males 


17 045 


93.5 (10.0) 


8227 


92.1 (8.9) 


97.5 (10.0) 


Weight (kg) 


All 


41 514 


73.4 (13.7) 


21 298 


72.3 (12.7) 


74.5 (13.6) 


Females 


24 469 


68.2 (12.4) 


13 071 


67.2 (11.0) 


69.7 (12.4) 


Males 


17 045 


80.8 (11.8) 


8227 


80.4 (10.7) 


82.1 (11.9) 


Hip circumference (cm) 


All 


41 514 


101.4 (8.9) 


21 298 


100.6 (7.9) 


104.0 (8.9) 


Females 


24 469 


101.6 (10.0) 


13 071 


100.6 (8.8) 


104.4 (10.0) 


Males 


17 045 


101.1 (7.1) 


8227 


100.5 (6.2) 


103.3 (6.6) 



doi:1 0.1 371 /journal.pone.0099672.t001 



All-cause mortality 

There were 1465 deaths (242 CVD deaths and 109 obesity- 
related cancer deaths of the 883 deaths with primary cause data 
available) occurring on average 7.7 years after wave 2. Only 12 
(0.03%) participants left Australia and only 65 (4%) deaths were 
attributed to an external cause of death (i.e. an ICD 10 code of 
V01-Y89). 

Table 2 shows HRs corresponding to quin tiles of AWC, 
Aweight and AHC for all-cause mortality from two models: model 
1, a minimally adjusted model, includes age (as the underlying 
time variable), sex and country of birth, and model 2 includes age, 
sex, country of birth and the confounders identified from the 
causal diagram (Figure SI). The estimates changed minimally 
from model 1 to model 2, thus, the estimates from model 2 will be 
discussed. Participants who lost WC, weight or HC had higher all- 
cause mortality (HR: 1.26; 95% confidence interval (CI) 1.09-1.47 
forWC; 1.80; 1.54-2.11 for weight; and 1.35; 1.15-1.57 for HC) 
than did those who had minimal changes. Increases in weight, WC 
or HC were not associated with all-cause mortality. The 
associations with all-cause mortality for change in WC and weight 
showed evidence of departures from linearity (likelihood ratio test 
for AWC, p-value = 0.03, Aweight, p-value<0.001, and AHC, p- 
value = 0.08). For consistency with previously published studies, 
we also looked at the HRs for mortality associated with four 
groups of body size change representing decrease (< — 3 units), 
stable (±3units), moderate gain (>3 and SlOunits) and extreme 
gain (>10units) of body size (Table S3); the results show similar 
associations to the results presented in Table 2. 

Cause-specific mortality 

Participants who lost WC, weight, or HC had increased risk of 
CVD (WC: 1.39; 0.99-1.97, weight: 2.40; 1.57-3.65, and HC: 
1.60; 1.09-2.35) but not obesity-related cancer mortality (Table 3). 
Increase in body size was not associated with increased CVD or 
obesity-related cancer mortality. 

Sensitivity analyses 

Age at baseline moderately modified the association between 
the change in body size and mortality (p-value from likelihood 



ratio test = 0.04, 0.04, 0. 1 1 for WC, weight and HC, respectively). 
Older participants whose WC decreased had elevated HR, but 
younger participants did not (Table 4). The association with 
weight loss was stronger for older participants, whereas there was 
litde difference in HR for decrease in HC according to age. In 
neither age group were increases in any measures associated with 
mortality. 

Sex, country of birth, baseline value of body size, smoking 
status, length of follow-up, self-reported health status, and 
diagnosis of previous disease did not modify the associations for 
all-cause mortality (results not shown). 

Discussion 

In this cohort of middle-aged men and women, we found that 
decrease in body size, measured prospectively by WC, weight, or 
HC, was associated with an increased risk of all-cause mortality, 
particularly for older adults. Increase in body size was not 
associated with an increased risk of mortality. 

The strengths of our study include its prospective design, almost 
complete follow-up of participants (only 12 (0.03%) participants 
were known to have left Australia), updated covariate information 
at wave 2, and direct measurements of body size, using standard 
protocols, at both waves. 

The principal limitations of our study are (1) the small number 
of cause-specific deaths (i.e. deaths due to obesity-related cancer or 
CVD), which may explain why we did not observe an association 
between change in body size and obesity-related cancer mortality; 
(2) approximately 30% of participants alive at wave 2 did not 
attend the follow-up wave; and (3) the lack of information on 
intentionality of weight loss for the study participants. 

The proportion of participants who were alive and attended 
wave 2 (i.e. 71.5%) was similar to that reported by others [10]. 
Participants who attended both waves were younger, better 
educated, and had a healthier lifestyle than non-participants, 
which may restrict the generalisation of our findings to populations 
of fairly healthy middle-aged adults. We previously conducted an 
extensive simulation study that showed that in the framework of 
this study, complete-case analysis provides unbiased estimates 
when compared to multiple imputation [27]. 
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To attempt to overcome the criticism that the association 
between weight loss and increased mortality is due to inadequate 
control for confounding [28] , we adjusted for several variables that 
might be associated with weight loss. For example, unintentional 
weight loss might reflect underlying diseases (reverse causation) or 
lifestyle characteristics (e.g. disability, cancer or respiratory disease) 
that lead to increased mortality [9,29]. Further, our results were 
not sensitive to exclusion of participants diagnosed with cancer 
before wave 2, to whether participants had a history of disease (i.e. 
angina, diabetes or heart attack) diagnosed before wave 2, and self- 
rated health status at wave 2. Reverse causation as an explanation 
for the association between weight loss and mortality has been 
questioned [30]. 

A review of cohort studies showed that even when analyses were 
restricted to intentional weight loss, associations with mortality 
were inconsistent [31]. Large-scale randomised trials of weight loss 
with mortality as the outcome are the best way to provide the 
evidence, but these are expensive, would take many years and 
might not be feasible. 

Despite our findings, obesity is associated with serious co- 
morbidities (e.g. impaired mobility, impaired quality of life, 
functional decline, glucose intolerance and increased risk of some 
cancers) and weight loss by obese individuals is associated with 
improved metabolic outcomes, reduced coronary heart disease 
and type 2 diabetes and a potential survival advantage [32-34]. 

We observed a stronger association for weight loss and mortality 
than for decrease in waist or hips circumference. Older, but not 
younger participants, at wave 2 who had lost weight had increased 
mortality. There are two possible explanations for this finding. 
First, WC and HC are more prone to measurement error than 
weight, and perhaps, more sophisticated methods of measuring 
lean mass and fat mass are necessary (i.e. information obtained 
from biomarkers, such as adipokines). However, these were not 
available for the second follow-up wave of this cohort. On the 
other hand, weight loss is associated with loss of both lean mass 
and fat mass, whereas WC is associated with loss of fat mass. 
Therefore, the stronger association between weight loss and 
mortality might be driven by the association with lean mass, which 
is consistent with loss of lean mass being associated with increased 
mortality [25]. This is consistent with age modifying the effect of 
weight loss on mortality, which may be a result of sarcopenia. 
Sarcopenia is the reduction of lean body mass with increasing age 
and is consistent with our finding that a third (35%) of participants 
lost weight from baseline to wave 2, whereas only 16% decreased 
their WC. Sarcopenia is associated with reduced physical activity, 
poor endurance, physical inactivity, inadequate nutrition, low gait 
speed and decreased mobility. As well, it has been associated with 
increased morbidities (e.g. congestive heart failure, chronic 
obstructive pulmonary disease, and type 2 diabetes) and has been 
independently associated with mortality in octogenarians, after 
adjusting for age and other relevant confounders [35,36]. 

Results for the association between weight gain and all-cause 
mortality from observational cohort studies are inconsistent. 
Consistent with our findings, five studies reported no increased 
risk of mortality for an increase in body size [10,12,37-39]. 
Sauvaget et al. [40] found a decreased risk of mortality associated 
with moderate weight gain of 4— 10%. Of the studies that reported 
an increased risk of mortality associated with weight gain, Bamia 
et al. [41] found a positive association for overweight and obese 
participants only, whereas Breeze et al. [42] found that 
participants who gained 10 kg or more between the two waves 
of data collection, measured 30 years apart, had a 1.4 fold 
increased risk of all-cause mortality (95% CI: 1 . 1-1.7). Somes et al. 
[43] analysed data collected for a clinical trial of antihypertensive 



drug treatment and found that a weight gain of more than 0.5 kg 
per year was associated with 2.4 fold increased risk of all-cause 
mortality (95% CI: 1.66-3.50). The participants' weight was 
measured quarterly over 4.5 years, with weight change represent- 
ing a trend in weight based on a line of best fit through multiple 
weight measurements. 

Perhaps alternative analyses are needed for observational cohort 
studies (e.g. causal modelling) or more frequent measures of body 
composition are necessary to identify the critical times for gaining 
or losing weight and the subsequent mortality risk. Further, as 
stated above, randomised control trials might be the best study 
design to answer this question, however this design is not without 
its limitations. 

Our results were similar when follow-up was split at three years 
post wave 2. However, adverse consequences of weight gain may 
not manifest in the short-term [41], and three years of follow-up 
might not be sufficient to eliminate reverse causation since some 
conditions (for example chronic obstructive pulmonary disease and 
congestive heart failure) may remain undiagnosed for many years 
and cause weight loss or prevent typical weight gain [44]. 

In conclusion, our study provides further evidence that weight 
loss in mid to later life increases the risk of mortality. We 
recommend further investigation of this association in studies with 
longer follow-up and information about intentionality of weight 
loss. Further studies are also needed to understand the mecha- 
nisms underlying changes in fat and lean mass in older adults and 
their contributions to mortality. Current recommendations, based 
on observational cohort studies, should point towards healthy diet 
and physical activity for the prevention of weight gain into 
adulthood and weight stability from midlife to older age. 

Supporting Information 

Figure SI Causal diagram used to select confounding variables 

in the analysis. 

(TIFF) 

Table SI Distribution of the baseline demographic and 
anthropometric characteristics of the MCCS participants. 
(PDF) 

Table S2 Spearman rank correlations between body size 
measured at baseline and wave 2 and change in body size in the 
Melbourne Collaborative Cohort Study. 
(PDF) 

Table S3 Hazard ratios (95% confidence interval) for all-cause 
mortality in relation to change in body size grouped in four 
categories. 
(PDF) 

Acknowledgments 

This study was made possible by the contribution of many people, 
including the original investigators and the teams who recruited the 
participants and followed up the participants. We would also like to express 
our gratitude to the many thousands of Melbourne residents who continue 
to participate in the study. 

Author Contributions 

Conceived and designed the experiments: DRE GGG. Analyzed the data: 
AK. Wrote the paper: AK. Initiated the cohort and initial data collection: 
GGG. Initiated and coordinated the preceding data collection: GGG 
DRE. Critical revision of the manuscript for its intellectual content and 
interpretation of the results: JAS LB RJM AMH DRE. 



PLOS ONE | www.plosone.org 



8 



July 2014 | Volume 9 | Issue 7 | e99672 



Body Size Change and Mortality 



References 

1. World Health Organisation (2000) Obesity: preventing and managing the global 
cpidemie. Report of a WHO consultation. World Health Organisation 
Technical Report Scries 894: 1-253. 

2. Berrington de Gonzalez A, Hartgc P, Cerhan JR, Flint AJ, Hannan L, ct al. 
(2010) Body-mass index and mortality among 1.46 million white adults. New 
England Journal of Medicine 363: 2211-2219. 

3. Corrada MM, Kawas CH, Mozaffar F, Paganini-Hill A (2006) Association of 
body mass index and weight change with all-cause mortality in the elderly. 
Am J Epidemiol 163: 938-49. 

4. Donini LM, Savina C, Gennaro E, De Felice MR, Rosano A, ct al. (2012) A 
systematic review of the literature concerning the relationship between obesity 
and mortality in the elderly. J Nutr Health Aging 16: 89-98. 

5. Cameron AJ, Magliano DJ, ShawJE, Zimmet PZ, Carstensen B, et al. (2012) 
The influence of hip circumference on the relationship between abdominal 
obesity and mortality. Int J Epidemiol 41: 484-94. 

6. de Hollander EE, Bcmclmans WJ, Boshuizen HG, Friedrich N, Wallaschofski H, 
et al. (2012) The association between waist circumference and risk of mortality 
considering body mass index in 65- to 74-year-olds: a meta-analysis of 29 cohorts 
involving more than 58 000 elderly persons. Int J Epidemiol 41: 805—17. 

7. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, et al. (2008) 
General and abdominal adiposity and risk of death in europe. N Engl J Med 
359: 2105-20. 

8. Poiricr P, Lemieux I, Mauriege P, Dcwailly E, Blanchet G, et al. (2005) Impact 
of waist circumference on the relationship between blood pressure and insulin: 
the Quebec Health Survey. Hypertension 45: 363—7. 

9. Harrington M, Gibson S, Gotlrcll RG (2009) A review and meta-analysis of the 
effect of weight loss on all-cause mortality risk. Nutr Res Rev 22: 93-108. 

10. Berentzcn TL, Jakobsen MU, Halkjacr J, Tjonncland A, Ovcrvad K, et al. 
(2010) Changes in waist circumference and mortality in middle-aged men and 
women. PLoS One 5: el3097. 

11. Kanaya AM, Vittinghoff E, Shlipak MG, Resnick HE, Visser M, et al. (2003) 
Association of total and central obesity with mortality in postmenopausal women 
with coronary heart disease. Am J Epidemiol 158: 1161-70. 

12. de Hollander EL, Bcmclmans WJ, de Groot LC (2013) Associations between 
changes in anthropometric measures and mortality in old age: A role for mid- 
upper arm circumference? Journal of the American Medical Directors 
Association 14: 187-193. 

13. Giles GG, English DR (2002) The Melbourne Collaborative Cohort Study. 
IARC Sci Publ 156: 69-70. 

14. Ireland P, Jolley D, Giles G (1994) Development of the Melbourne FFQ: a food 
frequency questionnaire for use in an Australian prospective study involving an 
ethnically diverse cohort. Asia Pacific Journal of Clinical Nutrition 3: 19-31. 

15. Lohman T, Roche A, Martorcll R (1988) Anthropometric standardization 
reference manual. Champaign (IL). 

16. Hodge A, Patterson AJ, Brown WJ, Ireland P, Giles G (2000) The Anti Cancer 
Council of Victoria FFOj relative validity of nutrient intakes compared with 
weighed food records in young to middle-aged women in a study of iron 
supplementation. Aust N Z J Public Health 24: 576-83. 

17. Trichopoulou A, Bamia C, Trichopoulos D (2009) Anatomy of health effects of 
Mediterranean diet: Greek EPIC prospective cohort study. BMJ: British Medical 
Journal 338: b2337. 

18. McLennan W (1996) An introduction to socio-economic indexes for areas 
(SEIFA). Information paper. Australian Bureau of Statistis, Canberra. 

19. Magliano D, Liew D, Pater H, Kirby A, Hunt D, et al. (2003) Accuracy of the 
australian national death index: comparison with adjudicated fatal outcomes 
among australian participants in the long-term intervention with pravastatin in 
ischacmic disease (lipid) study. Australia New Zealand Journal of Public Health 
27: 649-53. 

20. Lunn M, McNeil D (1995) Applying Cox regression to competing risks. 
Biometrics 51: 524-532. 

21. Tcxtor J, Hardt J, Knuppcl S (2011) DAGitty: a graphical tool for analyzing- 
causal diagrams. Epidemiology 22: 745. 

22. Hernan MA, Hernandez-Diaz S, Werlcr MM, Mitchell AA (2002) Causal 
knowledge as a prerequisite for confounding evaluation: an application to birth 
defects epidemiology. Am J Epidemiol 155: 176-184. 



23. Shricr I, Piatt RW (2008) Reducing bias through directed acyclic graphs. BMC 
Medical Research Methodology 8: 70. 

24. Myrskyla M, Chang VW (2009) Weight change, initial BMI, and mortality 
among middle- and older-aged adults. Epidemiology 20: 840—8. 

25. Berentzcn T, Sorenscn TIA (2006) Effects of intended weight loss on morbidity 
and mortality: possible explanations of controversial results. Nutr Rev 64: 502-7. 

26. StataCorp (2009). Stata statistical software: Release 1 1 College Station, TX: 
Stata Corp LP. 

27. Karahalios A, Baglictto L, Lee KJ, English DR, Carlin JB, et al. (2013) The 
impact of missing data on analyses of a time-dependent exposure in a 
longitudinal cohort: a simulation study. Emerging Themes in Epidemiology 10: 
6. 

28. Masters RK, Powers DA, Link BG (2013) Obesity and US Mortality Risk Over 
the Adult Life Course. American Journal of Epidemiology 177: 431-442. 

29. Gregg EW, Gcrzoff RB, Thompson TJ, Williamson DE (2003) Intentional 
weight loss and death in overweight and obese U.S. adults 35 years of age and 
older. Ann Intern Med 138: 383-389. 

30. Flcgal KM, Graubard BI, Williamson DF, Cooper RS (201 1) Reverse causation 
and illness-related weight loss in observational studies of body weight and 
mortality. American Journal of Epidemiology 173: 1-9. 

31. Simonsen MK, Hundrup YA, Obel EB, Gronbaek M, Heitmann BL (2008) 
Intentional weight loss and mortality among initially healthy men and women. 
Nutr Rev 66: 375-86. 

32. Bales CW, Buhr G (2008) Is obesity bad for older persons? a systematic review of 
the pros and cons of weight reduction in later life. Journal of the American 
Medical Directors Association 9: 302-312. 

33. Pcetcrs A, O'Brien PE, Laurie C, Anderson M, Wolfe R, et al. (2007) Substantial 
intentional weight loss and mortality in the severely obese. Annals of surgery 
246: 1028-1033. 

34. Sjostrom CD, Lissncr L, Wcdel H, Sjdstrom L (1999) Reduction in incidence of 
diabetes, hypertension and lipid disturbances after intentional weight loss 
induced by bariatric surgery: the SOS Intervention Study. Obesity Research 7: 
477-484. 

35. Blanton CA, Horwitz BA, McDonald RB (1999) Neurochemical alterations 
during age-related anorexia. Proc Soc Exp Biol Med 221: 153-165. 

36. Landi F, Cruz-Jentoft AJ, Liperoti R, Russo A, Giovannini S, et al. (2013) 
Sarcopenia and mortality risk in frail older persons aged 80 years and older: 
results from ilSIRENTE study. Age and ageing 42: 203-209. 

37. Newman AB, Yanez D, Harris T, Duxbury A, Enright PL, et al. (2001) Weight 
change in old age and its association with mortality. J Am Geriatr Soc 49: 1309- 
18. 

38. Lec CG, Boyko EJ, Nielson CM, Stcfanick ML, Bauer DC, et al. (2011) 
Mortality risk in older men associated with changes in weight, lean mass, and fat 
mass. J Am Geriatr Soc 59: 233-40. 

39. Yaari S, Goldbourt U (1998) Voluntary and involuntary weight loss: associations 
with long term mortality in 9,228 middle-aged and elderly men. American 
journal of epidemiology 148: 546—555. 

40. Sauvaget G, Ramadas K, Thomas G, VinodaJ, Thara S, et al. (2008) Body mass 
index, weight change and mortality risk in a prospective study in india. 
Int J Epidemiol 37: 990-1004. 

41. Bamia C, Halkjacr J, Lagiou P, Trichopoulos D, Tjonncland A, et al. (2010) 
Weight change in later life and risk of death amongst the elderly: the European 
Prospective Investigation into Cancer and Nutrition-Elderly Network on Ageing 
and Health study. J Intern Med 268: 133-44. 

42. Breeze E, Clarke R, Shipley MJ, Marmot MG, Fletcher AE (2006) Cause- 
specific mortality in old age in relation to body mass index in middle age and in 
old age: follow-up of the Whitehall cohort of male civil servants. Int J Epidemiol 
35: 169-178. 

43. Somes GW, Kritchevsky SB, Shorr RI, Pahor M, Applegate WB (2002) Body 
mass index, weight change, and death in older adults, the systolic hypertension 
in the elderly program. Am J Epidemiol 156: 132-138. 

44. Richman EL, Stampfcr MJ (2010) Weight loss and mortality in the elderly: 
separating cause and effect. J Intern Med 268: 103-5. 



PLOS ONE | www.plosone.org 



9 



July 2014 | Volume 9 | Issue 7 | e99672 



